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ABSTRACT 

Modern declaionHMk«!1« ualnfr the syetemAtlo 

»pproaeh known «a tyetemi ftnelytla a« » deolslon- 

unklnv tool are faoed with the dellonte problera of 

chooelnp; the oorreot «ethod of analysis and anplicft- 

tlon of reeouroea to thla analyala effort. Thl« 

study examine» the broad oonoept of ayatents analysle. 

The «Dplloatlon of two «ethoda of analyala, oost- 

nffectlveneaa and the pay off table, Is Illustrated. 

It oonoludea that an undaratandlng of the fftotora a 

der.l iic.i-TBÄker nmet oonalder In aeleotlnr the w«thod 

and extent of amlyala effort la neceaeary In order 

to Dorforw frulti'ul analyala afforta. 
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FRBPACE 

Thl« «tudj lnT»«tl«ftt«B th« oTwr^ll dlafcn&cls 

r<K]ulreK) of »llltArf and civilian mftnuiffer« when 

«elftotln« th« »ethod and «xtant of analysis effort 

required to aooonpllah their baalo objectlTea. The 

writer bellevee that contrary to popular belief, eiretero* 

analyslt require« oareful examination of basic objec- 

tives and efficient application of all resources to 

achieve desired objectives. 

The writer chose thli area prlwarlly as a result of 

the ohalletifre Issued by Lt General John W. Carpenter Til, 

Commander, Mr University, In an address to the students 

of Air Command and Staff College In Septenber 1965.  In 

his address Cen«sj.ial Carpenter forcefully emühaslred the 

general Inadequaoy of Air Force officers In the field of 

ayeteffis analysis.  Moreover, Ceneral Carpontwr streasftd 

that Air Force officers Bust become more familiar «nd 

active In this field In order to present the Air T^vrn«? 

position more accurately. He further eaphaslsred the 

need for competent military to jfeln acceptance by the 

strong analytical element within the Defense Dewtrtw^nt. 

Ill 
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Tht baalo obj«a%t¥« of this p«p*r will b» MtltfUd 

if» •▼•n in a •■all nay« It laprova« tha military 

«anag«r'fl undarstandln« and ability to apply «fflolantly 

hit roooureoo to oyatoat analyol« and hi« d»ei«lon~ 

■aking noodo. 
The wrltor would Ilk« to «xproa« his tlne«re 

appreciation for tho of fort« d «voted by Lt Col Lawrance 

R. Poto and Lt Col John J. Boyna toward th« eovipl«tion 

of thi« tho«i«. Tho guidano« provided by th««« 

of f lc«r« and th« patlwno« and a««i«tano« of ay dear 

«If« *«r« in«trutt«ntal in tha «uooe««ful oompletlon of 

thi« projeot and I an deeply grateful. 
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CHAPTER  I 

INTHOWICTION 

Th» problsns of tsllltary choice In the fifties wer« 

(or were thought to be)  simpler than those with which 

we stall deal in the future.    In the past,  little use 

was made of any systematic method In deolslon-maklnp;. 

Acceptable results usln« rationellzing choice were 

relatively easy to come by—onoe srsr-preaent bureau- 

cratic obstacles «ere overooae.      Decisions based 

totally on rationalisation and Intuitive  ^udp^nent sre 

no lonocer Acceptable.     Modern decisiontuaksrs must 

avoid the temotatlon of slnnjle judpreent «nd use the 

systematic methods of analysis now available to then . 

The function of th»5 new analytical technlq'io coir- 

monly referred to HS systeta pnalysls has been to proviso 

declslon-thnlcera  with a  ayptenfltlc method by   Jhlr'.H  they 

m«y deteralno relevant alternatives or cholceii  In 

solvin«: problems.     This •u"!ethodolo(?:jr does not  .Aovido the 

moat correct choice In any sequence or priority,  h it 

rather It attemüt« to ellralwte the undesirable courw^e 

of «ctlon »nd wasteful  oholcet.     In UBIIOF  this  Tiethnd- 

olonry the deolgion-T^ker    <int rftcoornlr«!   t'r,* «ss^itlr»! 

L. ... .^^i^^ifc.i. .i^t,..«..!-.- i-|-iHr«ililM>i|ttM||iiift 
■ --^'-■- 
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character 1stlo» and not exsggorat« It« usafulneca . . . 

aotunl or potential. 

Hieing ooata,, ^phlstlcatlon of eyttoas» and 

inor«oatng; unoertalntla« doa« not allow high level 

deci8ion*aaker« the luxury of groas ers-ors of Judgment, 

eopeoially In the area of treating uncertainty. The 

use of syeten analyaia provide« a metnod for treat in«* 

unoertalnty and at the same time proridinft the decision 

with efficient Alternatives. 

The elinsinatlon of gross inefficiencies 
peraits us to specify more precisely major 
uncertainties. This is important In that in 
sooe «rays these uncertainties are increasing 
rather than receding, particularly those 
relatirx* to obiectlve« or messures of 
effectiveness.3 

An illuatration of this type of uncertainty would he 

the Inability of the Department of Defense In peacetlrc« 

to men«itre the oerfomanoe of many of our defense 

system« «RRlnst our enemy's offensive threat. 

The oruoial choices faolng deoision-malrera, military 

and civilian at all levels« warrants a comprehensive 

understundlng of all the possible methods of analysis 

availnble to them to aid in making proper choices, 

similarly» the deoisIon-maker must choose his method of 

analysia bnsccl on his judgment as to how nr.tch of his 

resources he should expend on the analysis effort. 

Prior to ombftrklng on any analysis effort a critical 

2 
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dla/moeis 1« neeossary.  MAoourfit« diagnosis lo the 

«fiaentlal first phase of sound dsolsion-maklnpr.  Unlsss 

the initial diagnosis Is oerreot, all subsequent planntaft 

sill be futile."  The amazing suooese of Anerlean 

Industry durlnir the last half-oentury with scientific 

management has led most modem nanagsrs to regard 

intuition as a last resort. ^ Mr. Alfred P. Sloan, Jr., 

in conunenting on the phenomenal sucoess of Heneral 

Motor« Corporation, which he headed for so many years, 

said, "Few people are willing to go to the length we do 

to get all the facts possible and look at a problem from 

all angles before making a decision.'* 

Many times, as in the case of defense systems, ws 

are confronted with a situatlcn that is complex, prin- 

cipally because so many different things need Improve- 

ment. Undoubtedly, sons oMineotlons exist between 

problems that are very similar and we will sometimea 

yield to one If, ty doing so, we can improve perform- 

ance with reepoct to the others. At what point do »re 

stop tradlnp;? If we are unoertaln about th« ansv or, it 

nrjst me«n that performance Is In a ram?« in which »c do 

not; reel «trongly about minor differences. This Is 

another way of saying that this problem or «spect of a 

larger encorapftssin^ one is no longer Important.  Thl« 

is wh«t the writer contends is a critic«! point In the 

? 
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dlagno»!« period for « m-rmgeT.    This 1« th« point where 

he will make a deoltlon at to hew muchi If nny, of hi« 

reeouroes he should expend In analysing this problem. 

This thesis will examine some of the faotore that 

dcclelon-tstakars must oonelder In wsfclru? a decision on 

the type and extent of analysis to be perform^. 

Ihe taain objective of this thesis is to provide an 

InelKht into a systsosatlo methodology for selectinflc the 

method of analysis applloable to a given situation and 

for (ieternlnlne; Jtow «uoh analysis resouroes should be 

expended. 

The soeclfio objectives arei 

1. To exfttnlne the basic history and theory of 

aysten analysis. 

2, To examine two types of systsa analysis with an 

oxftwple of each. 

V To exsiulne the application and problems 

asflocKitod with systems analysis. 

'•f.  To examine specific factors deoislon-makers must 

consider in choosing the method and extent. Provide 

through application one method for selection of type and 

extent of analysis. 

I* 
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Litaltatlon« and Aaeumptlong 

This study dtm« not oon«ld#r oomplloated or eophle- 

tlcated mathwnatlo ewimplo» or »poclflo mothomatlfcAl 

«rea» of analysis.     It will «Issl with th« g«n«r«l 

problem faosd by a roanftffor aBauwlnf th« detailed d*»tA 

would normally be prepared by anelyats. 

It is nsenmed that deolsion-mAkera will expend 

tholr rPSOurcOB only after careful examination of the 

problwn and careful oholco of analysis ha» been nade. 

If rteclsion-inftkere fail to examine all necessary 

factors Involved with selectlnp: their method and 

expenditure of resources,  this thesis will provide 

little service.     Finally,   It is assumed th«t doclslon- 

mnkers will filways have BOTTW constraints In the forr of 

scarco resources which will n«o«s8ltate a critical 

dlRPTiosls of their problera »nd the manner and depth of 

p-nalysls needed   :o produce relevant nlternatlvw«. 

Overview 

C'-wpter One  oresented  the orobl<*m ond objective of 

this thesis. 

CVnr>ter Two «111  cl^wcrlbe th^ theory or Rypt«', 

analysis,  th« noerl for eyate.T- nnolygl!?,  nn-l  some«   llnlfcr». 

*:lons to  syate'r. ^nnlvgls. 

Chapter ihreo «illl   orofl^nt two tynpn of nystom 

MMB 
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An*ly8l»-«co«t~«ff«otlT«n«ta «nalysl« And payoff table«. 

Chapter four «ill dtaenatrmt« applioatlon and 

problem« acsooiatad with ayata» analyala« 

Chapter Five will ahow a «athad that a daeiaion- 

maker can uae in ohaoaing the «athod and extent of 

Analysis effort. 

L 



CHAPTEN  II 

SYSTEM ANALYSIS 

CM* »odern w»rld and particularly the i'nlt«d State« 

find» lt8«lf at a dangerous oroewroadp  In th« r«ce for 

teohnologloal »uTxrwHiaoy,    If we foil to tnV» th« right 

path to terhnologloal euproiwioy,  It can bo dlB^Btrous 

to our way of llfej but suooess will provide th« world 

and our nation th« seourlty and proirr©«» w« 00 d€8o*»r- 

atoly «eok.    Rlflnf! unoertRlntle« and «ver Incroaalnr'- 

sophistication In the atnte of the «rt Y»* nrovldod 

this oroaarond-«^»» ovossroad of cholc*».    So lonprßr OP^ 

tiod«rn rr.ltltary  ieolBlon-wakeris raly on Intuitive 

Judtfrconto alon«.    The «jrperlenco» of the pant no lonp;«r 

lond theitiiolvoii 00 th« comolexltla« «nd uncertainties 

ft»9onl*»tad with oh« proMew of choice In th*i nresflint 

&P;O*     In raapon»« to this nroblom of oholo«, a system- 

otlc tnothod of aoproÄOhlnp: nroblara« and selftc.tin? fror. 

»mona alternative« h»8 evolved.    This methodology "«?lrtr 

both dtttn ^oqulrad fror-; eolentirio methods and  intuitive 

reasoning 1« called system analysis. 

The use of «yateoss analysis  in deciislon-rvakln^ 

requires th« expenditure of varying amounts of the   . ;'r:r.«5 
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r»source»» Th« purpoM of this ohapt«*» 1« to previd« 

uvsfil, central Information on ojratoti mwalyalt and to 

«xamln« th« «y«t«(iiAtio »ethodelogr U0*d in tuooowful 

an^lynlo offorts* Caroful oonoldotfotlon of tho oon- 

oopt« presontod In thl« ohft)tor will pvovld« o bottor 

frasawork for thooo oontanplatlns u«o of ayaton 

analysla and «nable than to «zpoad their reaoiuro«« in 

thaae effort« more effiolently. 

gteiUtt Iff 

SyatMHD analjraia la «till largely an art and not a 

«oienoe.  It i« a nay of thinking*—an approaoh to the 

modem problem« of eheio«* Sy«t«ia analyaie la not a 

tr»i« «oiontiflo approaoh beoaua« all of it« prediotion« 

and altornfttlT«« earmot bo rerified, S. S. i^jade «ay« 

that! 

The phra«e "«yatam« analyai«* refer« to 
forreal Inquirle« int«nd«d to adviae a daoi* 
* Ion-maker on the policy oheioe« involved in 
such matter« a« weapon development fore« 
noature deaign» or the d«t«minatien of 
strategic objeotiv««.2 

A form of «yatMM analyai« wa« firat ua«d during 

world 'ji&r IX when it baoama apparent to military man 

that tnany of th« ay«t«»« baing developed involved taoh- 

nie«I know-how which waa foreign to paat military 

experlonco or training«-' Radar wa« r good example of n 

new concept that could not be exploited by sllitary 
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pl*nn«r« alone. To m««t thl« ohAllonice a "«oi^ntlflo" 

approach wat Inatltutad oomblnln« th« talents of many 

profaaslon» «uoh a« phyaloittt, nathanatlolans, and 

•Imllor highly spenlallssed area«.  Initially, this 

early for» of analyaie wa« called "operations research." 

Through time the tarm ha» evolTed to the term "system«» 

analyals." The change fro» "operations research'* to 

"systems analysis" has resulted primarily fron the 

postwar military studies whloh were mainly concerned 

with broad« oonplex problem* and weapon systems. The 

use of the analysis process In evaluotlrv» and ohoosln*: 

among systems quite naturally oame to be known as 

"systems analysis." 

Today, the »ißjor difference between operations 

research and aysteros analyels lies in emphasis. While 

both deal with mathanatleal models and economic optlral- 

nation techniques, "systems analysis deal« with con- 

ceptual problems."* Those where "the oroblem Hew in 

deciding what ouRht to be done . . . not slwoly hot- to 

do It.'   Here lies the point of eraphesls between opera- 

tions research and system anelysl«.  j^lth opew>tlone 

research the emphasis le on how to r^t the r.oat  out of 

what we have, the maxlsilmtlon of efficiency In systems 

or e-iulpment already develooed.  On the other hand, 

when f?e»llnp; with systems enslysls vr« tend to thin!' In 

.^«L,    »MMIIIWHlMMMÜl üisiite 
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fc«rma of "hl«h l*yl,* "broad,•• "Xongoran^," "oholo«- 

of-obj«ietiv«0o whloh nonMlly mt* «««oolatad with 

sophlBtloated, proffont and futura naada.    Du« to its 

nature ayetama analyaia ia nmrnally aaaooiatad with 

national objeotivea.    Mhila tha oonatdaration of 

optimization, that of maximizing aohlevonant of objao- 

tlvaa an4 miniisizing ooat, is proaantt it ia only a 

stage of the ovarall ayatesi analyala« 

In short, the analyais of waapona or atrata- 
«les for futura war a praoanta a no« kind of 
problow, eaaantially diffarant from any troated 
by opomtiona roaaaroh in World War II, or avan 
the Korean War«    The oonditiona of raaaaroh era 
different.    There ia usually nora tim«| there 
are large oontptitational faoilitiesi there is a 
great deal of paaoetime data available, but 
virtually none of the desired opfra^ienfrl 
information,7 

On« of the atrong pointa of ayatan analyaia lies in 

the systematio ra< thodoloiqr used.    Tha prooasa ia an 

Iterative ono( a cyola atarting with problom fornula» 

tlon, aoaroh, ino6al building, and intorprotation.    It 

la a disoiplino of weithin« reaults, questioning Assump- 

tions» lnv«ati(>»tlng new altoÄ*nativeae and reformulation 

In order to obtain the spectrum of alternatives bsllevert 

to bo sufficient to produce »ill relevant alternatives. 

rhe anelyst Initially enters the oyole with hie problem 

and this is called the fomulatlon atage.    He then 

moves to the search atage, then to the exploration 

10 
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«tag«, and finally to tha Intarpratatlon «tag«.    Whan 

dltoueslng tha oyölleal movewant of th« nnalysi« 

actlvlti«««  It la Ismortant to nota that tha analyst, 

through tha uaa of a «yttamfttle approach,  he« th« 

option to stop at any point and rotraoe or alter »ny 

input to tha analysis «ffort.    The analyst nay oomplot« 

th« oyol« and «cet results that don#t «per«« with hi« 

intultlre  3udgm«nt.    Son« o'' tha Initial data may or 

may not ba varlflad.    This Is th« nature of th« method, 

In that muoh of the work don» in «ystems analysis deals 

with future requirtuaonte and uno»rtölnty.    It Is this 

complenentlnuBC aotlon of u<iln« dat» from both intuitiv« 

r«asonlnÄ «nd soiontifio oothods that eventunlly imorovea 

th« -validity of th« resulting oholo« of alternative«. 

Thus we can say that systems analysis is n logical and 

continuing preoass* 

It is a oyol«  of definition of obJenMve», 
design or alternative system« to achieve those 
objeetlves,  evaluation of tha alternatlvefl in 
term» of their «ffectivenesiF and coat«, a 
questioning of the objectives and a question- 
ing of the other assutaptlons underlying the 
analysis, the opening of new alternatives, 
the ««tnbll^hwent of new objeotlv»«. 

Wh«n d«Allnp; with broad nation*»! ob.tootiveB,  tttv? 

analyst often finds It dlffloult to «tart his analysis? 

efforts.    Th« first tjfviso, that of problem fomil^tlor? 

And d^flnln?? objactlvea,  can be eirtrewely dlfflcnlt ^»»e 

11 
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to vagud or non-«xlvtont 8t«t«a«nt« of nation*! objao- 

tlvea. This InitUX ptwo« may bo ihroudod undor n 

blanket of «oorooy that can only allow for Lntoraodlate 

objectives and orltorla that «pproziaato «hat th«s 

nnalygt )ndK«8 to b« tho highor liwml  of objootlves.7 

whiX« workln« In the fonsulatlon tta(sov the analyat can 

often unoovor objjeotlvoo thrit irora ororlookod or 

ellnlmte soma that »«re pravloualy aooaptad. It 1« 

very Important that oorract objaotlraa b« «atabltahed. 

The wrenp; Initial oholo« of objaotlraa moans that the 

onialyet way not be working on the oorraot problem. 

The problen of uains incorrect objaotlvao onn atam from 

another aouroei that of ualng panoxts of auch «rldo 

variation In profeaalonal background aa to oause nslc- 

interpretatlon o-f problem and objaotlraa* It appear« 

noet Important, iahen, that ell Involved havo a oonoretn 

hypotheelt from whloh to work« Tha Idaa la to ujaka 

oleer the objeotlvea and atrtiotura of tha analysis to 
11 

all ensatfad In tha analysis effort« 

The aaoond phase of the analysis oyols is the 

searoh phnso. It 1« hwe that tha analysts are probing 

fact a on vrvilch to baa« tha analysis. It Is Important 

to rooorjtilsse that the analyst sust handle the facts and 

quantitative data honestly-«with no bias and Insure that 

altematlvoc are not arbitrarily suppressed • ^ Value 

12 
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jud«Bant« must enter Into the analysis effort» but It 

is •xpsotod that the Analyst will identify these Judg- 

sent! to the deolslon-raalter. The area of oost Is 

naturally oonaldered, but only as a part of the study 

of resouroes versus objsotlvei. 

The third stage of analysis is the exploration 

stage. It is hero that many analyses fall due to 

laproper »odal oonstruction. At this stage, models are 

constructed and natheiaatioal oonputations« oonparisons» 

and oost-effeotlvoneas applied to the models* In 

systems analysis it is inportant to remeaber that the 

nathsiaatician nutst deal with the real world. It is not 

unoomnon for nathsaatioians to become slanted toward 

the computation of the analysis model anri «ove away 

fron the original questions of the study. ^ 

The last stage of the normal analysis is the 

interpretation stage.  It is here that all the non- 

quantifiable data, unoertalntles, and oontingenoies are 

considered In relation to tht solution derived fro« the 

model. At this point oonclusions are drawn.  It in 

poasiblo that the final results are not satlafactory to 

the analyst and he afoes bwok and rewortts through ell or 

part of the process. When he presents the conclusions 

to th© deolslon-taaker» he musrt aleo present whet ho 

thinks the aolistlon imr/llas.  It must bo rwmewbeTS'i 

13 
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thAt the model 1» only an Indicator, net a judgo. 

The analyst at thla point It not ««king deolslona, 

rather he is helping tho dooltlonneaker «ake the proper 

ehoioee. 15 He la aeeietlng deeleloniaaker« In the 

expendltir« of their nation*s or ooapany'e vital 

resources based on oonsidared Judgment of what the 

Analysis indicates to be the most oorreot ohoice of 

alternative«. 

Deolsion-^iaklni; in its simplest form can be defined 

as the selection of an alternative or alternative« frees 

one or several possible alternatives.    It is a method 

for determining the ultinate course of action.    System 

analysis is much the same« but there is a significant 

difference.    In system analysis the scope is usually of 

a broad nature and the discipline is systematic.    The 

complexity of multiplo objectlves, uncertainty,  and 

oonstreintg In the form ^f resources, requires a method- 

ology that treats the whole system.    Its curpose is to 

formnlfite and reformulate every element to Insure that 

the rosultlno; alternative* r>eT)resent the beat ooarcible 

choices to tho deoision~maker AS he goes abont the task 

of dacldlnp; botweon thes*» choices and expending; hi« 

reao'iroep. 

lh 
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Tho uaaA Case 8y^»i- Amayiif 
Th« D«f«n«e Department today it the largsat «ingl« 

bu»ln«tf in Anwloa. It !■ the heart of a oonplex, 

interdependent tea«, widely dlTereified yet muttially 

oriented. Thl« Department le raeponaible for »pendln»: 

naarly 10 per cent of the national inooae of thl« 

country. It employ« 3.7 million people dirÄotly in and 

out of uniform and millions »or« indireotly in «vary 

aapeot of our eoonomic life. 

Control of the complex Defense orijanixstion and 

efficient direction of it a power and reeourca« toward 

achievement of 1«« tniseion of national security 

require« more than Intuitive and parochial Judprmenta. 

It require« systwatio appioaoh ©t all level«. The 

method for i^atherin«» analyslnK, and preaentln>> the 

data neceeaary for deeision-aakln« ha«, due largely to 

the extensive and imaginative u«e of ©ittomatie date 

computlnp- by the military, advanced to a point where 

nantrelizied declelon-maklng le both efficient »nd 

effective. ' Thl» unity and commonality of eyatem» 

ellminatea aome of th« major deflclenolae of oaat 

decadea when dealing with national «ecurlty. The pest 

«yatewe were prone to Independent orocurei^cnt policies, 

Interaervlo« rlvalrlee, and «rest redundancl«» in some 

typos of oapabllltleß and «erloua eViortapres In others. 

i^fc<^__^.  .. . 
,.—-....... —.-■.-.„. 
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Aooordlng to Alain Knth9r«n» D»pwty A«tiit«nt s«or©t«ry 

of Dcrf«n»« for Syatom« ht»lf9i99 ihxrim the Rloovthowor 

«im thore «m« «Imovt eonploto topAratlon botvoon 

plAnnlng »nd dootaion-maklnft on 0yst«r/ii and foro«« on 

on«» hand» And budgeting on the other. The pervlcee 

made deelslone on netlonel eeeurlty basei on their 

eetlstfiteß. Coets were not Introduced ayetematloiilly to 

teet the feoelbillty of elt/ier the progrÄm or tho 

allocation. The full-tla« or pheeed costs of the 

proposed forces were not presented to the Secretary of 

Defense. Because * in many Instances i the costs wer* 

saall In the early yearst many prograns were nt^rted 

thnt could not be oompleted under exlstlnr hodirets« 

Systems nnalytls did not resolve this probleo but 

Secretary of Dofmse MoNnrnnre» usinp: systems anslysl« 

a« ^ tool, did. Mr. Janes R, SohlealnRer nuts It this 

w*«yi 

The function of the new nnalytlcal tech- 
niques has not been to »rive us the correct 
choice In maklng military decision, but 
rftthor to eliminate some very bad nnö waste- 
ful cholc«e.     In our enthuslRsrc regerdlnf 
analysis, we should not exapr<rerete Its 
nooompllshments actual or potential.19 

»•t the present time systems analysis is possibly 

the best mn»serial tool available, but the future may 

lf> 
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find it Inadäquat«,    A« thm doimln of ■ysttoAtlo 

quantitativ« analyci« Inoroawi, and »■ the irrational 

Maat« rooodo«! our attention Mill turn to t* DB» aspoota 

of national ««ourity in whloh quantitative analyale 

cannot provide oholceet    bhe probloos of objective«« 
20 uncertainties, and «trateglc choice. 

One of the major llnltation« in uiln« system» 

analysis continues to be In the arse of trsatliwr 

uncertainty»    There are several kinds of uncertainty« 

the uncertainty in planning faotors? the «neny and his 

react ions t the strategic context such as "Who will be 

our enetnies, or who will be our alllns?,"  "Will there 

be a war during the period covered by o^ir analysisVj" 

teohnoloRical uncertainty! and lastly, statistical 

uncertainty.21     S we look only at the statistical 

uncertainty, w« :rind that It 1« obvious that using oost 

data in a cost-effoetlvene»« analysis of a weapon 

system is feasible but how do we measure the effective- 

ness from a tallitary standpoint?    Dr. B.  S.  Quade infers 

that there is a way to me®sure military effectiveness? 

Hovlnp; agreed upon the objeotivss and 
determined e way to measur« the military 
effeotlvwieas of the system, the nuialysla 
beooHes a «OBt/effeotlveness analysis.2" 

The «rlter feel» that there is one major premise of 

systems analysis that In most oftsn overlooVad.    That 

17 
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•eleno«.    It 1« den« In «one oa»«« using teta thought to 

hm right uoA poMlbl«, bat with 4mtm no ono oon vorlfy 

und thftt oan*t bo juotlflod.    Thm uoor nuot oooopt turn 

Input« mony relotlvoly Intonglblo motor« «hloh or« 

dorlTod fron huaftn Judgmont and prmmmt anowom whloh 

tarm thon uood mm notorial for othoar Judgaonta*    Thl« 

Judgment lo «upploBontod by InduotlTO and nunorloal 

roaoonlng, «tare poMlbl«, but It jj .luduaont non^-tho- 

looo 23 

In auianary, Htho «ystono analyst It not roatrletod 

to the syotoa« h« start« to ooapar«.    Tha most valuable 

function of systsms analysis Is oftsn tha stimulus It 

glvas to ths Innovation of bsttar systsa«.»'^   Systsns 

analysis Is nsoansary In aodsm national seourlty 

d«olelon-«^lclng.    Zt Is fair to say that those who are 

most critical of Its use In «olTlng the ooaplsx problon 

of national seourlty have not as yet provided any 

alternative nethtid. 

18 
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aCÄPTER III 

METHODS OP ANALICSIS 

In the preoedlnff captor, the tern "eysten analyels' 

wee defined In It» broadest eenee relative to the 

deolalon-tnaklng process. The writer will now examine 

In more specific detail two of a nuraber of precise 

methods of analysis that a d©elsIon-maker may choose 

between. While systems analysis le normally associated 

with the Department of Defense, Aaerloan industry Is 

adapting this methodology on an Increasing scale. The 

two types of «nalysls presented In this chapter ar© 

representative of analysis efforts employed by the 

Department of Defense and Industry. The key to aueceos 

In declslon-makln?; does not of necessity lie only In 

the analysis Itself, but rather the deolslon-raaker must 

assure that the proper type of analysis hoa been 

selected and available resource» are efficiently 

expended. Analysis Ilk« economics involves the alloca- 

tion of scarce resources. 

Resource llmltetlons are our start inn- nolnt 
bee/vase in P.11 problwns of  choice we strive 
to crot the wost out of what vre neve. To put 
it another way, wo try to ag<* the r^souro«^ 
that .«re available to us so as to maxim5.re 

19 
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what «oonomlttf oall Hutilit]r.M R«M>uro*» 
nrm Almys Halted in oonpuriMn with our 
want«» alwajr« Mnatralnine «ur act ion.1 

It It thlff nod«yn thmrf of utility» or aftrginal 

analyaia» and nor« fpooifloolly "eott^offtotlTWMet" 

that will be troated flrot. 

Ono« the deolelen'ilior ha« aecurod hlmeelf that 

hie problea io quantlf i«blo-~that 1«, harlnff the oapa- 

billty to aeaaure both the eeet and the effeotiveneee«« 

he then pvooeede to eaeain« lt9 to eetatolieh hie 

objeotlvee and hie orlterion. It ie at thle point that 

«WMnmon aenee tell« the deoleion-oaker that without eoo« 

oonetralnte on the level of effootlveneee or total ooet» 

the ratio may develop extreae points of effectivonees or 

ooet. It beoosee apparent that it le foolhardy for the 

deolelonHBaker to «mrtc at eithor ex treue, for ae in the 

oaee of defenae epending» a deolalen booed en ooet 

alone might prove to bo an Inoxpenaive «ay to invite 

and looe a war«^ A« Kr. Xiteh atateAt "Reaouroee are 

alweye United in eonpariaon to our wanta« alwaya eon* 

»training our aetiena.* 

The writer aeoepta thle oondltion and prenul^etee 

the peaitlon that with budget lioltationa, aa in the 

oaee of defence apending and the deoande of national 

20 
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••ourityt th« ut» of oe«tH«fl'«otiT«aMit analysis la * 

valunbl« 4«oi8leiiHMlclnt tool« Hvrlne ottobllshod tho 

foot that tho Mtlonal doololon-HMkor will noraally 

avoid tho «xtrtooo of ooot vonmo offootitronooo, wo 

shall new look at two onusplo« of how thle typ« of 

analysis son assist In dotoralnln« tho boat oheloo of 

altomatlvoo« It should ho polntod out that thsso are 

owor->slmpllf lod «suiplos Intsndod only to dononstrato 

tho toehnlquo Involvod." 

Typo X, Tho probltis Is to naxlaleo the nunbor of 

targets destroyed with a given budget of XX dollaro* 

The altsmatlwos for aooompllshlng thlo task way bet 

1. Use all typo B (beabor). 

2. Use «11 typo M (nlosllo). 
it 

3. Use a oooblnatlon of type B and type M. 

Figure 1 doploto how aany boabers and alsslloo that 

oan be bought with XX dollars (It asouaei that tho oost 

of eaoh Is tho MUM). Tho range of ohoise la froa all» 

bonber force of 150 B*s to all-alsslle force of 300 «•«. 

The "exehange ourwe** (straight line A-B) gives the 

oomparlson Una for tho various osnbinations of boabers 

or nlssllos that oan bo purohaoed with the fixed budget 

of XX dollars. The problem Is now to detanlna tho 

optlnal mix of boabers and aissllo« In order to oaxlnlfiee 

the targets destroyed«^ 
21 
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(A) 
150 

B      100- 
(Bonb«r«) 

504 

50 

Szohange Curr« for 
Flx«d Input of XX 
Dollar« 

100  150  200 

H (HUslUs) 

(B) 

FIGURE !• 

Figure 2  depict« »n assuesptlon of the tarnt 

Isoquant» possible and the -various ooablnatlon« of 

bovbers end nisslles and their target kill potsntlal. 

The method of determining how these Isoquant« curve« are 

actually derived la quite oomplleated and beyond the 

scope of this thesis. An appreciation of how these 

curves are used In oost/sffeotlvsness studies Is not 

conditioned upon an understanding of how they are 

constructed. 

In Plorure ? the point within the snail circle 

(Point P) represents the optlaal «iz of ^5 bombers and 

130 missiles to destroy 200 targets.  No further 

•This model obtained fron "The Cost Effectiveness 
Method," Research Study, Air »Tnlverslty. 196U. 
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150«! 

B    100. 
Boobers 

50-1 

Plxsd Budget (Bvohtnir« Curv«) 

Target leoq^tant« 
__^300 target« 

200 t«rg«t» 
00 targ«t« 

50  100  150  200 

M - Kl08ll«S 

250  300 

FIGURE 2« 

aubatltutlon of B for M or M for B would Inorease th« 

total poaalbla nuobor of target« that could be 

destroyed.  In short * on the basis of a fixed budget, 

this point MP" gives the best mix of bomb«rs and 

missiles with which the maximum number cT targets would 

be destroyed. Having seen the applioatien of eoonomios 

to maximise the target kill with a fixed budget* we will 

now turn to the problem of minimising oost with a fixed 

or specified level of effectiveness. 

Type II. This problem differs from Type I in that 

we are given a fixed level of target kille required and 

we are to ralnlmlee the cost. Onoe more the wodel will 

be simplified to insure complete understanding of the 

•This model obtained from "The Cost Rffectlvaness 
Method1* Research Study, Air university, 196^. 
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tochniqu«. km  In Typ« I, v« find thr«e alt«rnatiTeai 

1. Use «11 boab«rt. 

2. Utfe «11 Bl««ll«a. 

3. U«e a nix of bonb«r« «nd si««il««. 

150* 

B   100- 
Bomber« 

50- 

50  loo ?. 50  200 

Klatll«« 

200 T«r«r«t 

rfß«SnL^rel of 
«ff«ctlT«n«i«) 

T5Ö  3Ö0 

FIOIIRE 3« 

In this problMi w« hrr« ft fix«d l«vel of »ffaotiv«- 

n«aa of 200 tar^ot«. We nutt 4«%«raln« «t wh«t point on 

the target leoquant w« «Inlalt« th« oeat by plotting 

the alternativ«« aheum abeT«. 

We find that th« «xohanic« eurr« whioh 1« tang«nt to 

the target laoquant at Point P i« th« ««a« aa Point P In 

Type I, that 1« th« «a«« nlx of boab«r« and nlaall«« 

both moat efficient and «Inlnal oeat wlae. 

♦Kodel obtained fro« •'The Ooat Eff«otlT«n«aa ffathod," 
Reaearoh Study» Air Universityt 1964. 
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150-r 

100- 
Bomb«r9 

•50- 

200 target itoquant 

50     100 150      200 

NlatU«» 

, z «rt 
exohRnge ourv«« 
opr«MntlnR 

pllar« 

250    300 

f I0UBE «>* 

It I» Important to not« that the budpot line and 

the target assigned are provided the analyst as a 

result of separate or post analysis. Reoo^nlze that 

the X, Y, ?,  would not be truly straight lines, but 

would be curved beoause of the varying oosts of large 

versus snail production runs of either besbera or 

missiles, for purposes of simplifying the Illustration, 

they are shown as straight lines. 

The writer has attempted to show the very basic 

formulation of oost/effeotlveness through the use of 

economic models (Figures 1-40. The proper use of datn 

derived from such a model will be very helpful to the 

analyst and ultimately the deolslon-maker, but there 

*Kodel obtained from ^The Cost Effectiveness Method," 
Research Study, Air University, 196U. 
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are aoma oonaldartttlerui thmt «u«t IM rmm*m\*rmät 

1. While oo«t ««tlnAtM «re b««lo«lly •••y to 

determine» the •atlaat« on level« of «ffoetlTonee* ere 

often only eduoated gueeaee« 

Z.    The faetor of uneertalaty and ohanglng 

technology. 

3. Inoonpleteneaa—both a« reeult of the lialta- 

tlonu of time and »oney with effeot on the depth of the 

Inquiry and the esaotnest of data inputs. 

In the oaee of federal expenditure for defenee, the 

use of ooet/ef foot Irenes« analyst« I« a «y«tenatlo 

ratlon/a «ay of looking at a problem and give« nt least 

« «waller margin of error than the previou« praotioe of 

"tredo off and bargaining between the «ervlo« for fund«. 

The following I« an apprai«al of the value of this type 

analysis by Bobort 3. KeNamarai 

In adding to a defense budget as large as the 
one we now have, we begin to encounter the 
law of diminishing returns, where eaoh addi- 
tional increment of resoureee applied produoe« 
a mailer Increment of overall defense capabil- 
ity. While the benefits to be gained from each 
additional Increment oamiet be measured with 
precision, careful oost/effeotlvenee« analysis 
oAn rreatly assist in eliminating these program 
proposals whioh clearly oontrlbuts little mili- 
tary wealth in relation to the resource expen- 
ditures Involved. We have applied this prin- 
ciple throughout our program and budget 
reviews." 

The decision made by the Department of Defense oan 
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not be oonsidered rcktlon»! If ftd«qu«t« knowledg* of 

alt«mAtlv«« In torn« of tholr nllltary worth ar* not 
1? 

relatod to their oost.   W« oftnnot b« oo poor a a to 

fall to pay the neoeesary prloa for national eeourlty 

nor rich enough to equanäer our raeouroes In the name 

of national neourlty. ^ Th« value of oost/effeotlye- 

nass analyalo and Ito eoononlo baskpround cannot guide 

ut to a total eolutlon« except In a very formal and 

enpty aen&e. However, It oan bo a useful guide In 

examining alternatlvee and making Improvement«, rfe 

shall now examine another dsolslon-naklng tool that is 

found more In the business world than the govenment. 

g»y 9fr. mi*** 
A mathod of analysis which la less complicated than 

cost/effectiveness analysis but nevertheless very help- 

ful In deolslon-maklnn 1« use of the "Pay Off Table." 

Thlf method of analysis has been developed with certain 

human llicltations In mind. The first limitation is that 

the human mind does not function well when dealing with 

multi-dimensions» with handling two sides of a question 

simultaneously. The »eoond limitation is that 

•The thoughts «nd medals on the subject of Pay Off 
Table« were obtained from a lecture by Dr. Paul A. Vatter, 
••Decision-Making,M to the students of Air Command and 
Staff College 14 September 1904. 
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fr«qneiitly "««ftt of th» p«nti(
N intuitiv« JudgMmt will 

not seleot tho boat oholoe of olttrnfttlTot. Tho Tory 

hoort of any ayatonotlo anolyolf !■ tho odoquoto aooroh 

for and axamlnatlon of all poaolblo altomatlvoo and 

the proper troataont of unoortalnty. What often 

•eparfiteft the good fron the poor deelelon-naker la laolr 

of imagination of creativity and Improper treatment of 

probability and unoortalnty. 

The method ueed by Jullua Caeaar to devaatata hie 

foe« wa« to divide hi« foea Into «egnente and oonquer 

th«n individually, then rogproup hi« force«. The 

principle of dividing and oonquarlng—the breaking down 

of complex problona Into aogaants and applying Judgment 

and expwienoe—1« the foundation of the "Pay Off Table.* 

To deeoribe the pay off table and its po««lble u«e 

by decision-maker« tho writer will preeent an over- 

nlrapllfled situation and model. It «hould be noted that 

th« oolnts are over-elajpllfled purely for eaae In under- 

standing by the reader and doe« not oonetltute any 

inherent weaknea« In tha method. The reader «hould 

resume that he 1« acting in the role of a company which 

prod noes an accepted type of oonauaer good«, Th« 

roaeßroh division of the company ha« propoeed a naw 

product to oomplement Ita exl«tlng product line. A« h«ad 

of the company you feel the product ha« po8«lbllltle8 

2fl 
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and decide to mftlce a deoiolon on whother to place It on 

the market or pees It by.    Begad on the depth of ttudy 

required end available date and other reaouroee, it is 

decided to use the "Pay Off Table** method to anelyee the 

eltuation. 

In dealing with the "pay off table" there are three 

major aspects of considerationt 

1. The monetary aspect—an analysis of the expense 

Involved and the expected revenue. 

2. The aspect of forecasting—the demand,  the 

uncertainty. 

3«    The risk aspect—how much is to be gained or 

lost if placed on the market?   Whet premium would the 

company want to make in order to take a risk?    If at 

this point an Informal decision was made on snap Judg- 

ment, the melding together of all three dimensions of 

this problem could result in disaster. 

The company engineers state that there are two 

prooesses for production of the new product 1 

Prooess A 

1. The product will be made on a simple machine 

that the company leases for $1,000 per year. 

2. The variable cost per unit of production will be 

M.oo. 
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1* Thft produot will b« mad« utln« A highly auto- 

m»t«fi  oomploz pleoft of naohinorj «hloh th« eonpony will 

loAft« for :%noo por y«or. 

H. Th« varlablo «out por unit of production will 

b© :,,«)0. 

FOT th9 purpose of this oodol« a «sumo the tradi- 

tional market prlee of this type preduet to be fixed at 

$1.50 per unit. The toaodel (Pigure 5) is an OTOT- 

slmpllfled example of the teohnique used In this typa 

analyalR, The first eolunn« for example, shows only 

three volvime« of sale«. This range oeuld be marled from 

sero to points in-between those given or above the 

hlghent shown. The altematires for the cowpany hsre 

boon limited to three) again» others oould be considered. 

PAT OFF TABLE 

2alee 

10,000 

5,000 

1,000 

"WfPT t* irgw 

MM* 
0                   ^,000 ♦5,000 

0                   ♦1»500 0 

0                  »500 -*>,000 

PI0ÜRB 5 
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A« 0tat«a previously, till« netted of «nalyel« depends on 

breetrlng down the problem end eolvlne eeoh aepeot 

•epamtely. 

Taking the first aspect» Hthe monetary aspeot,** we 

oonstrtiot the table (figure 5). In entering Information 

to thft table, the first alternative of not produolng the 

Iteet «fould teve ua plaoe zeros by all gales voluses as 

we didn't nake any noney and we didn't lose any. Look- 

In« at alternative "A" with a fixed cost of $1,000 per 

year and variable cost of |1 per unit, we find that 

1,000 «ales at $1*50 per sale we would lose 1500 ($2,000 

oost-*l,500 sales revenue). Using the same cost data 

with 5,000 sales, ve will show a profit of $1,500 

(S?»500 sales»#>,000 cost). And finally, using the sane 

oost data with 10,000 sales, ws would nake a profit of 

$4,000 ($15,000 sales-411,000 oost}. 

Moving to the last alternative, MB,A with a fixed 

oost of $5,000 per year and variable oost of t«50 per 

unit, we again enter the table with 1,000 sales at $1.50 

per sale. At 1,000 sale« we enter n loss of $tt,000 

15*500 oost-41,500 sales)! with 5,000 sales wo enter 

zero or break even (|'7,500 oost, $7,500 sales); and at 

10,000 sales we show a profit of $5,000 ($75>OO0 «alee, 

$10,000 oost). Thus tre have handled separately the 
i 

"monetary" aspeot without conplioating our mental 
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prooeas with coruildttVfttion of the n«xt ASpaot—thnt of 
,,f01••<Jft»t^ru5•', 

In the areft of "foreoMtlnid" the flnt oonsldera- 

tlon m\9t be the oritloel ©vent—the deiwend,    '«Thet i« 

golnp; to be the denand for this product?   We ere now 

dealing with an unoerteinty«    The queetlon« of product 

appeal, product quality background data, and finally, 

Juet iww strong do we think the narket will be, nuet be 

equally considered.    It is  it this point that we work 

with betting edde.    We will eay that the odds «re one In 

two that vc will sell 1,000 and one In three that sales 

will be 5,000, and one in six that they will be 10,000. 

These odd« are cur language for exprestlng a Judgment on 

stales«    It should be eophasiced that a single point 

judgment should not be ueed—-eay B50 sales, with a 

decision bnsed on this figure«    A forecast Is haeed on 

alternatives«—wluh different likelihoods, hence, the 

judgment of odds.    Treat the Judgment on the odds like 

a lottery.    For exanple, you hold 70^ of the tickets so 

you know there are 30% against you.    Similarly, you know 

that If thore are ten tlokets, you hold 1 through 7j If 

It 1« B, 9, or 10, you lose.    If you hold R, 9, or 10, 

70> or 1-7 are against yon.    Try and find the best Judg- 

ment on your odds.    Use all data available such as 

records showing sales of sinllar products, look at market 
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prospftcta,  looVr for dlffw«nt or pooullar featuroa of 

the propoood n«v product that any modify yo\ur Judguent 

of the odd ff.    It amtt be renembered thst the isonetery 

aspect rauet not be e factor In developing your forocnut 

or odde. 

In dealing with the risk aapect« which Is the final 

aepeot prior to putting the problem tORether» the writer 

will attempt to elnpllfy the problem.    There are many 

method« for establlehlng rlielte and In the real world 

this would be handled either by nee of utility theories 

or judgments.    For the purpose of this model, assnree the 

amount» of money Involved are not «Ignlfloent to our 

firm,    .Uth this preaie«  eatabllsfted, the writer will 

aseune «:-t«y the rlek aepeot with a  JudpTn^nt.     Havln? 

donlt with the three dimension« of the probleas, we will 

now put the problem baolc together. 

The criterion will be the greatest oTPSctod monetary 

vnluc  (rC'iV) of elternetlves "A" end "ft."    The indeir for 

the action« coverc-id «Iftcht be the avemtro welrhod  by the 

livelihood  (odds)  thftt It will ooctir der^nd wise.     For 

exanpl«,   the Ö^V of "A"  would bet 

i/r of   -500   (-»250)   nut      « ?'Wv   (+1017) 
1/? of   Hi500    ('♦1«?00)     Plu» 
1/6 of +V1.000    {^(S?) 

3^ 
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The EMV of "B" would bot 

1/2 of -^000 (-12000) Plut 
1/3 of 0 (0) FXuo 
1/6 of +15000 (♦ $833) 

- SMV (-11167) 

WIT OFF TABLE AHD EWV 

Sal ©8 
Volume Produoa "A" *B» 

Foroeaat 
9fl4l   ^^ ̂ ^S- 

10,000 0 ♦uooo ♦5000 1/6 •667 $833 

5,000 0 ♦1500 0 1/3 500 0 

1,000 0 -500 -4000 1/2 

+917 

r.?.Q22 

-1167 

FIGURE 6 

In this cage we would ohooee «Iterrtetlre "A." The 

jiMV of +491? le an index of the deelreblllty. The larger 

the number, the more dealreble. Thue, the rational 

decieion-mnker could look at hie model and it« reeulte 

and say monetarily, demand and rlek wise, altematlTe 

"A" looks more faverable.  A side effect Is the «stab- 

il shjrent of the value of perfect information. The 

monetary value will be the sane as the EMV of X (if each 

nmount uaod was perfeot, verifible data). 

EMV % + $500 ♦ $833 - 11333 
minus    917 BMV of "A" 

I 416 Value of perfeot 
information 

3^ 



The algnirioane« of th« last point Is that the mor« 

you think you know, th« lose you will p*y for inforo** 

tlon. If th« monst«ry ee*n««qu«no« w«r« t«n timo«, you 

would pay t«n tlm«s taor« for Infomation. 

In thl« ohaptor* two of the »any typet of Anely««» 

have boon deaonutrated. The «eleotlon we« Intended to 

«how one aethod u«ed primarily by the Defense Dopertnent 

and one found popular in the industrial oonmunlty. The 

value of vLtinr, these and similar methods of analyses in 

deoislon-naklng ««in be stated best by the reoark« of 

A. C. Enthevent 

Me must make defense planning and the eeleft« 
tlon of weapons systems on an intellactiial 
rather than on emotional process.    To do this 
«re must turn our attention to the question of 
vrtwt,s rightt not who*s right.16 
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CRÄPTER ZV 

APPLICATION AND FROBLBMS A3SO0IATKD 

WITH 8YSTBMS ANALYSIS 

In parovlcm« ohPipt«rt »n exasilnntlon h«t h*mi made 

of th« n^ed, atruotur«, and mathodolo^y of syatonai 

analysis.    An und«r«tandlng of thl« n»«d «nd th« work* 

ingn or »y»tem analyflla It n«eo«aary In ditoustlng how 

deolslon-wftkdrii oan ««loot from omon^ thote •yotomo of 

cholco.    The r^typotÄ of thli ohaptor 1« to anolyeo mm* 

application« of ayatcna analysis and Illustrate sow« of 

th« limitations and problem« asooolatod with Its use. 

A  fundamental bnokground of tho «\ibJoot should provld« 

the d«cl8lon-TBRkor with a more objective view of the 

value,  llraltatlon«, «nd problero« associated with 

syatervitio analysis.    Thl« f^xndamontal bftoVground 1« 

nloo of value to tho d«ol«lonHtnaker In ehoo«ln« a method 

of analysis,  the subject of th« n«xt ohaoter. 

To dancrlb« actual application of sy«t«n analy«ls 

the vnrlter will use as a model the analysis process used 

in the selöotlon of the TFX System.    The decision by 
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Secretary of Oafens« MoNamara to ehoose General 

Dynamlos/Grunann at the aouroe for the controverelal 

TFX eyetea eaw use of B&m analyele prinolplee «ueh as 

oo«t-effeotlireneii9t uee of orLterlon («truotural äeelnn» 

conruonallty for bl-fervloe uo«), and ooraparlson of dat«. 

If we look at the dttouMion in Chapter ZI dealing with 

the varlou« aotlTltles in «nalyelef  it twoomea apparent 

that Secretary iloNaieara went through four of the fire 

najor «tafrea—that of forraulatlon» search, explanation, 

«nrt interpretation.    Some ml^ht feel that the fifth 

stftcre, that of verification, bad been deelt with to 

some depre«.      The writer would propound that meet of 

the verlfioation prior to award of the oontraot appears 

to hnve been based on prior experience and nontrantor 

conducted tests, and thus not entirely complete.    By 

takinpr each sta^e separat«!/ and lookinst at the basic 

steps taken by the Secretary of  Osfenae, we can «nln « 

better understanding of his approach to the probleit!. 

The first stage,  that of formulation, was initiated 

with th« decision that the proposed TFX oolnolded with 

Secretory ^cN»»ara*s Idoa of a weapon system which was 

required to operate under the  "controlled response 

theoryT* l»e., one that provid«d optlona on   itlllxatlon 

choices such as all-out nuclear strategic orsoaMMty 

or tactical use of atomic weapons.       This decision Iwd 
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to a second« thA% a «Ingl« tfp« «irorsft «at n««d«d[ to 

fulfill the r«qulr«tt«ati of both fcho Air Foro« «nd the 

Navy, «iith thl« oomaonallty In rloif, an aomimptlon «a* 

made from a ooat otandpolnt . . . that a oenmon TFX 

would SATO about on« billion dollar« and at th« saoo tin« 

b« vsrsßtlle «nougb to noot both Air Forco nnd Navy 

need«.  This bolief was oonsistsnt with sarlisr guld- 

ano*» Mto proour« and opsrato ths forco at ths lowest 

possible ooat.* 

The assumption that the TFX was a suitable system, 

moetlnff both the needs of the »ilitary and the oost 

constraint built an argument toward arreeraent in favor 

of the Seoretary's oblsetlve—»to build a foree of TFX's, 

liavin^ defined the objective, ths next stage of analysis* 

that of search, was entered upon. 

In the search statte, the iiossdiat« problem of who 

would produce the system was brpeught into foous. Using 

the established procedure of establishing a souroe 

select ton board, the Air Force, assisted by Navy 

representatives, requested proposals from ten contractors. 

The selection board then developed an evaluation 

criteria, and an evaluation group was seleeted who set 

upon the task of evaluating the proposals submitted by 

the contractors.^ The data required and the time sus- 

pense establishod presented a very difficult tasv for 
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th« oanp«tlnir oontrftotom. Th« mhort  tin« «utpmi« 

lent «en« doubt en the validity ef the ultimate pre- 

poaale end euppovted e belief by eome thet «wie oenpenlee 

bid low In order te "buy Into* the eyeten end aaneuver 

additional funde as the «yetnn {»egreeeed.  The 

evaluation group, after renew ef the propoeala, 

refueed to reooamend a ocntreoter and propoaed that 

Boeing and General Psmaialeci/CSrumann be awarded atudy 

oontraota. They felt this would etiwulate Incentive 

for oompetltlon freu both the oeet and design standpoint. 

This proposal eas overruled by the Source Seleotlon 

Board who reooninended that Booing be given ezoluslve 

prise attention. This proposal was felt unsatlsfaotory 

and reversed by ths Air Ftoroe Council and the Seore« 

tarles In favor of oonpetltlon between the two oorpora- 

tlons« Boeing and Conerel Oynaaloe/Cruaiann. Having 

aoooapllahed this milestone, the next stage, that of 

explanation, unfolded. 

The explanation stage was eat for 12 weeks, but 

laated some ten months. The details are not Important 

for th« purpose of this etudy. The slgnlflcnno« of th« 

time period Is the dagree of *over«»detennlnatlonH that 

ooourred In testing the two proposals. Many unoertaln- 

tlee appeared whloh Is normal when dealing with a new 

systara like the TFX. It also appeared to some that the 
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oompttlng oonpaal«« *t%«npt«d to «xplolt th« «tatod 

r«qulr«D«»tfl of tho Soovotorsr of Dofonoo, thot of eott 

and oonpavloon, tfhllo not oootinc the full qtsootion of 

the Dofenso objootirot to mf thlo foollne In a f«w 

words, Ftiohard Elliott ttotooi    "tho TPX,   •Boot Phon« 
D 

mnr Bulltt* xmy not bo good onouÄh."" 

Soorotary NoNaaoi« ontorod tho finol phaae of hi« 

analysis «ffort, tho intorprototion otaso.    Ho earofully 

«valtjiated tho data porooontod hla and oado a rooonmonda- 

tlon In favor of Oonoval Dynaaloo/Crunann.    Ho otatad 

that "the Oeneyal Oynanio« progra» offered a great«r 

opportunity for aohionng a high degree of dependability, 

and at the leweet pooeible ooot."^    A vital point in 

thle Interpretatl.on phase «at that Seerotary KoNamara 

nade his decision apparently in baoio disagreement with 

hi« chief military advisors.    This fast leads to the 

next phnae of analysing this deolsion.    Is there «videnoe 

now that Secretary «oNaaara «ado a poor deoision or that 

«yatotnAtlc analysis failed? 

aEsattaalM to IB hmüXMte 
When treating the subject of syoten analysis, it 

becomes apparent that the ultimata ohoioe by the d«eislon-> 

mafcer should be objeotive and not subjective. Totel 

ftllejiwent to one objective nay lead to what K. M. HoKoan 

kO 
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r«f«r« to A« «n nov«yd0t«nnin«dN «««t.    Wr. MoKean 

■tat«8 It this vtmyi    "It it lilt« ■axlmlzlnft th« unoimt 

of oopirln you buy whllo eitaultanoouoXy ninlalzlng thm 

Amount of money »pont for thorn." 

Soorotary KoNoaotra« uhllo pursuing tho problon of 

the ^bost" TPX aouros,  possibly rloletod a primary 

characterIstlo of fruitful aystens analysis, thst of 

uslnp- all raseuroos avellabl« to hin.    Th« writer is 

Inferring that some reoouroes» in th« field of analysis 

wore avnilablOt but apparently not utilized fully; i.e.« 

Alain Enthoven and his group of analysts.        Also, a 

study by Hand might have been of groat benefit.    If this 

aircraft system had been subjeotad tc a rigorous 

analysis dlsclpllno mwh as garaing,  with teohnleally 

experi«ioed military players. It appears possible that 

the problems now eeen would hare booome apparent and 

doouraonted bel'oro th« flml doolelon w»e made.     Prob- 

leme mxah ne being eTP^rlenowl by the Nary In the »rea 

of slee and weight would have been obvious if the 

analysis had conaldared the possibility of chandln.« 

technology and the nead for uodlfloatlons whloh are 

cited a» the cause of th« weight problem.    The funda- 

mental belief that syanaoo« particularly aircraft, grow, 

though known did not receive th« attention required of a 

complete and systematlo search.    Hear Admiral W. I. 
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Martin «tateo 1t %hkt myt 

We ar« grvatly ««»•mad about tha walght (of 
tha F-111B). It influanaat nmrlr all af tha 
porfomanaa flguvaa. . * . In ana «ay ar 
anathar. tfal^it »oath at this paint aan ba 
a very aarloua thlngt baaauaa alvavaft ara 
kno«m to mm avan aftar tha Initial 
japoduatlon.1* 

Tha axporlanoaa of tha past, in davalapln« airovaft 

ayattta«, «ara olaarly untamtaad« tut thaaa azparlanoad 

vara not fully axploitad* 

Tha problasa of aanaltlTity in taating aipinat a 

modttl 1« Tory important in that aartain varlablaa asart 

A far moro algnlfloant affaot on th« aelution than da 

othnra.1^ In further asaolilng tha analyaia effort 

expended on the TPX« tha queatian ariaea aa to whether 

or not this are« of aanaitirity wae given ae high a 

priority ae coet waa« In order to reaat to nan raquire» 

in«ntB of teehnelogy» tha deaign weight of tha alraraft 

will have to go up—the only way to daoraaae tha weight 

le th« use of titaniun, a vary ooatly natal. While this 

le a problwn for the ooatraetar and net tha buyer froa 

the standpoint of profit« it le iapartant baoauae if 

the problem is net oorroated, the aajor baals for 

ohooelng thie eyatea—that of ooat«*effeotivanaaa<~«ill 

ae Mr. MoNamara onoe oaid« "eiaply erfaporate*Nl^ The TFX 

analysis AS MoNamara aaw it «ae a aituation «here judg» 

ments were pyramided upon judfpente«   The qvMMtlon of 
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wlMthttr HT. MoHwiara iriolattd a oardlnal pr«ml8« of ^ood 

annlytlt» that of elimination of blaa through ovor 

dotarmlnatlont nay navar ba known. But what la now 

known 1« that ha did not fully ua« all tha raaouvoaa 

avallabl« to hin In making hi a oholoa. 

Tha uaa of Mr. Bnthoran and hi« ataff of analyeti In 

oonductln« a oomplota ayatamatlo analyala would «urely 

have idantlflad tha paroblam of what would happan to this 

ayatam whan and if It haa ta ba nodlflad thla way or 

that. Thay would have also looked carefully at the 

question of whether tha syatea would be able to meet the 

original objeotlvea. 9uoh an examination might have 

oonoluded that it* a all right for the Air Force hut now 

the Navy oan't uae it. At thla point» It might have been 

determined that two of the baalo objective« eould not 

have been met—that of wimmonallty and coat. Thla die« 

ouaalen la not Intended aa a orltlolsm of Secretary 

McKanmra but rather It la Intended to denonatrate the 

neoesalty for completaneaa when engaged In analyala 

effort. 

In deecriblng ayatema analyala In earlier chapters 

It was said thla type of dlaolpllne dealt with the brood 

probleroa of higher magnitude. It la for this reason 

^3 
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that th« problem« and pitfall« aaaaotatad with mjmtfmm 

analy«!« must ba oarafully awidad.^ On* af tha «oat 

■avar« problamt faoad by a daottlan-aakar Is finding 

tha eonraot typ« and aaount af analysis. Tha naad far 

an Interdlsolplinarr approaeh «ay find tha prablsn of 

aruoh natxu*« to ba outslda th« atallabls rasoturoa of th« 

doolslon~tattlc«3r. That iSt It «ay r«quira «xpartlaa» tl««, 

or funds whloh th« d«olsionHnsk«r do«s net possaas In 

suffioient quantity. This probla« will b« disaussad 

mor« fully in Chapta» V. 

Many tiros» th« obJactlv« is Incorrectly d«t«rmln«d. 

As with TPX System application «Kiapl«» If nor« tin« had 

boon spent In datsmlnine th« «bj«etlT« In relation to 

the future and possibly laas Intuitiv« Judgment on th« 

current need« the ultiaata Judgnant might har« b««n 

different, A good «xaapl« of oo«pl«t« systsms analysis 

with clear objsotlras night b« th« d«olsi«n on th« Sky 

Bolt aysteei. This aas a lengthy» Intuitiv«« yat sya- 

tawntlo, quantitativ« study of current and future naads. 

All resource» available wsre placed into notion in this 

analysis effort. Xt appears to hava b««n a olassio 

exampl» of successful systesi analysis. 

An analysis based on 11«!ted objectives may produee 

a logical alternative or choice but Ignore other «or« 

valid alternatives duo to tha Halted objective. An 

—^^ —^ - .".Tl.,   ""    - aüMüli 



wmmmmm *W\.K>.'M.mmÄ\m\u.,'.'»n<*r: 

•XÄopl« would b* th» oest->«fff)OtiT«neaa «tudi«« oon- 

duot«d In ocmparlng %o4«rn ftlrorsft oarrlars with oth«r 

w««pon syttan«.1^ "In ceapftrlng «Itermtlv»« tor limited 

war rolot, those otudloa took no aooount of tho oayrlore* 

füonoral war capability In a oomparloon with woapona «y«- 
19 

tema that had alnoat no oapablllty In othor roloa." 

Faulty data la an oxtrorooly aonaltlve pipoblom that 

is always poaalble with analyal« of any kind. Thoro are 

several kinds of faulty datat one Is what Or. Quade 

refers to as blind aooeptanoe of "offlolal figures.^ 

n0fflolal** figure« oan be very daaagln* to an analysis 

effort dus to the speotrun they oan run. what Is «riven 

as "offlolal" may be very blast very paroohlal, or very 

subjective. It has been said that you oan prove any- 

thing with statistics. The sarse case may be made for 

Improper system analysis using faulty data. An associ- 

ated problem with "offlolal" data is that the analyst 

may actually believe his data to be oorrfeot and com- 

plete while this may not be true, «uoh of the decision- 

maker's oonfldonoe toward analysts and their product 

lies In the standard the analysts set In fmthcrlnK dftto. 

Kahn states that "he must do enough orose-oheoJtlng to 

convince himself that, in all probability, h» has the 

?1 
corrftot facts, and th^n he taVes his chances.""  To 

over orosa-chook, however, I« wnsteful and does not 

^5 
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Improvo th« validity or orodlblllty of th« ond product. 

Many time« the llaitatloBS of tiM «nd «onoy reoult 

In the problen of lnoe«platonooo in aaelyoia. 

Typically, other ooets hove the eeae effeot. 
For Inatanoe, we would like to find out whet 
the Soviet« would do If we put en armed Mlnute- 
wnn  on Meeoow. One way to ffet thle Infometlon 
would be to launch e ninutenan* But while thle 
might be cheep in dollar«, the likelihood of 
other cost« preclude« at onoe thle type of 
Inveatlgatlon.zz 

This problem of Inoonuletenee« Involve« the poeaibillty 

of large unoertalntiee» especially In the area of 

military effeotlvene«« or fature strategy or teehnelony. 

Finally, there is the ooomon tendency to have oom- 

petlnr anelysl« aotivitlea confront the declelen-maker 

with alternative ohelee« which nay have been created to 

Influenoo the deolcion-naker1« choice. If a design, 

model, or strategy is known to be preferred, the decl- 

elon-makar must make not only Judggsents on the final 

decision but as Mr. MoNamara states, ''also on the under« 
21 

lylmr reconiTaandatlon« ayd feots." J    Confidence in the 

objectivity of the analyst by the deolelon—.noker Is 

necessary. This Is especially true when the analyst Is 

I'nown to have made decision« and judpients based on his 

bant rationale and Intuitive reasoning. 

1*6 

-'•  • ■ ■' 



mm"" • ■■■■'■ mumm ^BPpwjm^BHCTWWWipipi—WWBBW 

CHAPTSR V 

HOW A DBCXSZOM-HAKER CH00SB8 A METHOD OP AHALYSIS 

The problem of hew a deelslon-neker eeleote the 

proper method of enalyeie X» aotuelly a two-pert ques- 

tion. The queetion of whioh «ethod of anelyel« to uee 

le dependent on many faotor«» Inoludlng the toaaie eeoond 

queetion of how much of hie reeouroe« he ehould «spend. 

Many *ho advooate the uee of tyatenatlc analyele in 

deoleion-maklne find extreme difficulty In eetabllehlnp 

firm guideline« for the deoiftion-makere to uee in 

making these prellninary deoieione. With the abeenoe of 

any ffuidellnea, it therefore become« obvious that a pre- 

liminary investigation« or in a «en«« an analysis« by 

the decision-makeri must take place. Re must examine 

his purpose for oonduotin* the analysis effort, the oom- 

plexlfcy of the problem, and the degree of uneertaintiss 

that exlct. Additionally, he must examino his reeouro«« 

of time, money, end people in order to weigh their 

relative cost against effeotlveness of results expected. 

Consequently, before embarking on any analysis effort, • 

critical diagnosis is necessary. 

^7 
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Aoeurato (SlagnosiB 1« th« «»MmtiAl first 
phAi« of sound doelslontmiVlnf.    Unltot the 
Initial dlagnool« is oorr«et» all ttibsoqtjont 
plsnnlnff will be futllo.l 

This 1« ths ksy to suoosss In aoVlmr oorrsot oholoss«- 

or^oslnfr both th© nsthod snd ths sxpsndltiirs of roseuross« 

Ths Advent of modem systems «neljrsli Is ««oh like 

tho ectrly period of data aut^natlon.    Tht idoa thot the 

uso of a oomputsr was a neoesslty to all progress&TC 

oonponles «ms, of oourse« false.    But tht sarly period 

of otmputors found oonpanles obtalnliui equipment that 

w»g not oocBpatible to their operation nor sdventageeua 

from the viewpoint of eoenomy.    Hany would-be users 

obtained equipment prior to deolding whet they wanted it 

to do for them or if it was worth the expenditure of 

money and people*    This situation is mueh like analysis 

efforts.    Analysle for analysis take is not reasonable 

or eoonomleal.    Many probleme faced by deolsion^oakers 

do not lend themselves to substantial systtmatio or 

qriftntitatlve analysis efforts from either the standpoint 

of depth or relative Impertanoe. 

One of th« major problems in the initial diagnoolt 

1« the attitude of the oeoislon-oaker toeard the problem. 

"Or^Anlzatlons do oonsist of human bein^ct» regardlest of 

how many raaohlnet are employed» and henoe nust be con- 

sidered os phenoaena of human behavior."2   This idea of 

^8 
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human b«hMrlor Iff the »two of thm problem In « doolfflon- 

mftk«r*8 attltud«. If a Danagmr Iff traditionally auto« 

cratlc In pronouncing judgment on problam«, than hla 

initial diagnoffl» will rafleot hi« porsonal judgmant 

and has only a quostlonabla ehanoa of baing corraot in 

th« majority of ffltuation«.  It iff this human aapaot 

that providas one of tha first guidalinas naadad in 

arriving at ohoioaa in nathods of analysis and tha 

expenditure of reaouroes. The writer will oall it 

oredlbility of tha individual. A fflapler term miKht be 

experience, but experianoe alone does net always provide 

tha objectivity necessary in a ffuccessf^il decision* 

mftker. 

The dec la Ion-maker or analyst In percolv- 
Inp a polutlon way only be deceived by the 
weicht of his own preferenoes. The Import- 
ant tasV is not one of reducing the huntan 
element but of clearly identifying It and 
IntPffratln« it into the concrete elements 
of nnalysie.^ 

Thus It becomes obvious Jhat while the leadership rol« 

of the deolslcn-maker is very Important, It must be wade 

credible by belnjj consistently objective In deelsionss. 

In ohooelng the term credibility In preference to the 

tern experience, it ahould be understood t>iat only 

through experience can "unluable, correct, and Intuitive 

Judgments be mnd«» The first premlne Is therefore 

estnbll.ihed. A oredlbl« döOlsion-maKer muet posses« 

h9 



•xp«rlenottt objectivity» And an ability to make daolfflon« 

baaerl on sound intultlva judgmtntt. 

The ingredient of human judgment be it only 
l:he Binpleat kind of intuition it therefore 
t*n  esaential oart of any etudy of pol ley i no 
matter how «nalytieal euoh a study mlfht be. 
JadKTOont oun be aided and icruided by the teoh- 
nlqne» of •oientifie.analyaia, but it oan 
n<»vcr be supplanted.* 

Kavln»; estublished the requiissments needed by a 

deolslon-naker and the need for preliminary die^nosis» 

the n^xt step thet is neoessary in »eking the Initiel 

choices of method and expenditure of resoureee in the 

ftnAlynie effort Is the sequential proses». 

In the sequential prooess there are basioally two 

declfflons, 

A terminal deolslon--This is a selection of 
tne course of aotion» the decision, which will 
terminate the sequential decision prooess. 
A continuation decision—This is a decision 
between continuing to obtain inforoation, 
with attendant tise delay and oost, and nskin/r 
« tornlnal dsoision.' 

The probletns which attend most sif^nifleant problems 

such <ae tintA pressures, oost, utility, and diminishlnfr 

return bo*rln to bear on the problem. At some ooint, 

time nrpsenres mej  dictate a terminal decision. Time 

pressure« mny be a prime consideration fro« the stand- 

point of choice.  If a decision-maker is faced with « 

dynamic decision, he must rsaot within time constraints 

with the most rational and intuitive judftnents possible. 

•JO 
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Systems snftlysls sffortt mrs vsry ••nsltlvs to tine 

constraints. Ths nsgnltuds of ths seriousness of these 

constraints are directly proportional to the scope of 

the problem and the dynamic nature of the situation. 

The tine range can be extrsnsly wide« from lonedlate to 

the distant future. The Department of Defense, In deal- 

ing with this problem, has been forced to react fro« both 

ends of the spectrua. Janes R. Sohlesinger »tatest 

"Some of the major choices of Secretary MeNamara were 

made when only the scantiest cost data were available 

and when our understanding of our strategic objectives 

and Soviet capabilities remained obscure . . .
N6
 This 

clearly describes choice as a result of time pressure. 

The other extreme could be described by the lengthy 

analysis conducted en the Air Force B-70 system by 

Seoretnry McNamakaa. The decisions In this case were 

based primarily on oomplete analysis with much less 

rep^rd for time pressures or cost but more rewwrd on 

eventual utility. 

Resource of People 

The resource of people may provide a basis for a 

decision-maker*s oholce as to what type of analysis he 

tnlorht undertake.  It is logical to believe that In a 

major problem, like national seoiurlty, the öeclslon 

<1 
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maker will be Inclined to feou» whatever reeouroet he 

may posse«« In suooessfully finding oorreot slterne- 

tives. On the other hand, he eeuLd find thet he hes 

multiple problem« of equal priority whioh require 

analysis. He must make tradeoffs between the«e prob- 

loni«. For example, he nay find that his resource of 

people are engaged in an analysis of a problem of suoh 

depth and time pressures that they may be denied to him. 

The decision-maker must then turn to an alternate source 

for assistance or accept a compromise tradeoff solution 

of delaying analysis of another problem, or accepting a 

lesser analysis of both problems. For example, we will 

assume the Secretary of Defense has given his analytical 

staff n problem on the nature of the missile gap. Time 

and national security dictate Immediate results. At the 

mmm  time an analysis of a problsm on the feasibility of 

using space craft as a war*-maklng system is required by 

the President. The Secretary must decide whether he 

should constrain the missile gap study by assigning his 

fftaff the additional and unassociated requirement to 

flnalyre the feasibility of the space craft as a war- 

•nftklng systerr, or whether he should turn to a non-profit 

flrn such as Rand Corporation or KITER for the analysis* 

In m»Vin<r his diagnosis hs may determine that the pro- 

fessional experience is not present on his staff and 
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«gain turn to the non-profit group for tho unAlytl«. 

Th« problom of 000% will oft on dotomlno both tho 

typ« and amount of «nolytls to bo oonduoted. Th« boot 

way to dooorlb« th« UM of ooat a« a method of dataraln- 

Ing tho of fort to b« oxponded la tho "pay-off." Tho 

ooat can take many form«. Coat In nonoy» paopl«» and 

time or« oqually Important» bit th« doolalon-oakar needs 

aouio ba«le for hi« expenditure« k  •"pay-off" In term« of 

deterrence and national «eourlty may or may not be 

tangible In tho form of money aavlng«. There are aome 

Probleme that may faoe a deolalon-maker where cost 1« 

not felt to be of any «Ignlfloant Importance. An 

«xnmple might be an analyal« oonduoted on a syatew that 

oould eliminate war or bualneaa failure« forever, ^en 

in this aenae there la a "pay-off" both from the Intan- 

^rible sonae as well a« the tangible senee. A suooessful 

nnalysl« could mean a reduction In the Intanarlble threat 

of war and the tangible cost of dofence. The presence 

of a positive or negative "pay-off" will dictate the 

decision-maker*« choice in «11 oases. 

The ultimate aasls of Choloe 

The "pay-off" to the decision-maker will elvwys lead 

him to hi« ultimate choloe of method and amount of 
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rosouroe «xpandltur«. Ic It Alwftyt poaalbl« to knew 

preolaely what the ultimate "pey-off* will be? The 

answer la no. However» • baale for ualng ayeteea 

anAlyal« la that uneertalntlea and umrerlflable data 

can be traated auooeeef^lly. Therefore If reaaenabla 

values for aemrloea can ba eatabllehed» a uaeful •pay- 

off table can ba eonatrueted. The ago old quaatlon of 

"how much la •nouffh?" can be anewered by modam aathoda. 

A choice of what la enough may be ultieataly proven 

wrong, but If tha Inveatloatlon la ayatenatlo and haa 

raasonnble valuea attaohed» the probabllltlea of 

ciuocesa are Inoreaeed. 

There la a trend to eay that the '•pay-off** «ay be 

settled In the ooat-effeotlveneaa ratio. Thla oan be 

vary mleloßdlng In that unlaaa abaolnta levela of 

effeotlvenea« are apeclfled, the preferred alternatives 

cannot be determined.  Thla oan be a very dan^aroua 

criterion on which to baaa expenditure of reaoureea. 

The cost or the effectIvaneaa eay not cover the problem 

complfttoly; thus» the payoff la Inaoourate or Inconclu- 

elve alternative». 

I'iic r««l "pay-off la where tha deolalon-naker haa a 

choice between a wide ran?a of altornatlvee at varloua 

costs to hlra, or he may examine a ranire of aub-ayatena 

ngaln nt varying ooata. Thla writer bell«vea that the 

■   ■:..-l ^..^„■.■O 
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ultimate way In whloh a daolBlon-«ak«r oan arrive at a 

fruitful daolalon la to apply toaa iyatenatio methodol- 

ogy to his deoltlon In ohootlng whloh type of analyale 

he should use and how nuoh of his resouroes he should 

expend. 

In Chapter III» a method of analysis oalled "Pay 

Off Table1* was dssorlbed as a useful deolslon-oaklncr 

tool. This table when oonstruoted provides a decision- 

maker with useful Information from three considerations! 

1. The monetary aspeot—an analysis of the expense 

involved and the expected rtturn In revenue or services. 

2. The aspect of forecasting»-the uncertainty or 

the demand. 

3. The risk—how nuoh can be gained or lost* This 

section of the thesis will show an application of a pay 

off table to the problem of selecting an analysis method 

and determlnlnjn; how much resouroes the decision-maker 

should expend on varying levels of analysis effort. 

Additionally, the model will provide the return in 

numbers of alternatives or subsystem analysis he will 

ret and still have a profitable analysis effort. 

♦The thouorhts on pay off table were obtained from a 
lecture by Dr. Paul A. Vatter,, NOeolsion *akin<r,,,53 to 
students of Air Command and Staff College lb  September dk 

55 

ii    ■• ■ ■■-* ...«■■....i 1 lwmutm^äattmllimmllmmtlllmtliualmaill^ mmmmmm 



mm IIIH ].. H»l.l|..l>.H.IU.WWl,,|ll.W,|.l.l.J,..l., r.    .   ,  „, ,.,,,   ,.„„,, 
fllSJI^«"!.ii"| I -it 

Some «sauaptlon« »u»t b« nad« in ordar to apply thlt 

type problem to tho pay off toblo. 

1. The wrltor will prooont an owr-alapllflad 

problem end otodel. 

?. The points era over-elapllfled for eaae In 

understanding by the reader end doea not oonatltute e 

weakneea in the method. 

3. The valuea assigned for aerrloea are erbltrary 

end are alao Intended only to provide data for the con- 

struotlon of the pay off table. 

The reader must aaauae the role of a high  level 

deolBlon-roaker, who haa e aulit-million dollar ayatetn 

under cone Id er« t Hon. The ayttera ia unique in thet there 

are many imoerte Intiea and very little experlenoe or 

datn in the area, thus an analyaia of the ayeten ia 

desired. Being ü large and oonplex ayatea, the deoieton- 

maltBr wants to know whether or not It will be profitable 

to use one type of analyaia over enother and to what 

decree he ahould expend hia reaouroea. 

He wanta to know how «any valid alternetivea he will 

get for a given expenditure! alao, he wanta to know how 

many »ubsyatema oan be analytad for a oriee.  In any 

event he wanta to aee what the "pay off of hia varioua 

analyeis elternativea will be« In order to proceed with 

the modele, it auat alao be eaauaed that there ia a 
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v«lu« to the deolslon-nakur In having valid altamativ«« 

and analysis of sabsystana. 

The daolslon-oakar ha« thrss altarnatlvaat 

A. Don,t do any analysis. 

B. (1) Apply tsn analysts for six months. 

(2} Cost will be «100,000. 

C. (1) Apply 20 analysts for six months. 

(2) Cost will be 0175*000. 

(Costs Include salaried and analysis expenses.) 

For the purpose of this model, assume the value of 

each valid alternative unOovered to be $10,000 and «aoh 

subsystem analysed to be $10,000* The model (Figure 7) 

is an over-simplified example of th«* technique used in 

this type analysis. The first column on the left, for 

example, shows only three ranges of alternatives. This 

reniPfe could vary from sero to points in between those 

Pilven or above the highest shown. The analysis alterna- 

tives have been limited to three; again, others could 

have been considered. 

In breaklnpr down this problem and solvinp; each part 

separately, the monetary will be covered first,  binter- 

inp: the table (Figure 7), the first alternative of not 

doing «ny analysis, all «eroes would be placed by all 

new systeas alternatives, as nothlnfir was gained or lost. 

Looklntr at alternative "BM with a fixed cost of 1100,000, 
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PAT OFF TABLS 

—«T 
D»n*t 

ALTBBNATZVIS 
 iBi  

egtgL 

New SystM 

Altem»tlv08 

20 

5 

0 

0 

0 

♦1100,000 ♦125,000 

♦ 50,000 - 25,000 

-    50,000       -125,000 

FIGURE 7 

It 1« deteralnad that five new •yttma «It^rnfttlT«! 

would reault In *  loss of $50,000 ($100,000 ooot nlnua 

$50,000 value of now oltomotlroo). Using tho «»no oosts 

data with 15 now altomatlTos, a profit of $50,000 Is 

roado ($150,000 valuo of now altomatlvos minus $100,000 

cost of analysis). And finally, again using tho saae 

coot d*'*a, a profit of $100,000 is aado ($200,000 yalum 

of now altarnatiTos minus $100,000 oost of analysis). 

Moving to the last analysis, altomativo "C" with a 

fixed oost of $175,000, we again enter the table with 

five new aystems alternatives. This would result in a 

loss of $125,000 ($175t000 oost minus $50,000 valuo of 

new alternative). With 15 new system alternative, a 

loss of $25,000 ooours ($175*000 oost minus $150,000 

value of new system alternative) and at 20 new system 

5B 
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alt«rn»tlvttf a profit of $2%000 ($200,000 vain» of neu 

alternatlva alnu* |175»000 oost). Th« aspect of th« 

monetary oonaldaratloa has thua baan handlad without 

ooaplloatinfi; tha naxt oonaldaration—that of 

*fo^aca•tlng.,• 

W« ar« now daallng with vmoartainty» tha quaation of 

what w« really think tha odda are. Utinjr the model 

(Figure 7) 5t 15» or 20 new valid «yatewa altemativea 

will result from an analysis effort. It ie here that 

work with the bettln« odds bagina. We will say that the 

odds are one in two that we «cat five valid alternatives t 

one in three that we will «a*» 15 valid alternativest and 

one in six that 20 valid alternatives are produced. A 

forecast is based on alternatives—with different likre- 

lihoods» hence tie Judgment of odds. Try and find the 

most valid odds. Use all data available such as records 

of past expariencet look for different or peculiar 

features that may affect your Judgment of the odds. Do 

not let the monetary aspect be a factor in developing 

your forecast or odds. 

In dsaling with the final aspect, that of risk, the 

writer will again simplify tha prcblea. While there are 

many methods for establishing risk—by utility theories 

or Judgment, they will not be considered necessary for 

this problem. Assume the amounts of money involvsfl nre 
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not unusual to tha <!eolslon-mak«r oo»t wise, but the pay 

off mey be aisnlfloant In tfm» of altematlve« Kith 

far-reachln« values.    Thsrsfore,  the writer will aoeune 

avraiy the risk with a  Judgment. 

We will now put the problem back together.    The 

orlterlon for the solution of the problem will be the 

ffreatest "Fxpeoted Monetary Value"  (EMV of Alternatives 

*B" and  "C"). 

PAY OPP TABLE AND EMV 

Now Syetera 
Alterna- 
tives 

ALTERNATIVES 

Don^t 
op Any 

»Bw Pore-         EViV 
cast        Datw 
Odds "D"       *C" 

20 0 •f 11100,000 ♦25,000 1/6 ♦16,6^6 ^4,166 

15 0 ■•■     50,000 -25,000 1/? -Mo,666 -^,333 

«> 0 -   50,000 -125,000 1/2 -2S00O -62, ^00 

PIOIJFE R 

The index for the actions covered might be the average 

welched by th« likelihood  (odda) that It will occur.    For 

example,  the KHV of "B* would bei 

1/2 of -MO,000 (-*25,000) Plus 
1/3 of +§50,000 (♦$16-666) Plus 
1/6 of ♦•11100,000  (♦^16,666) 

Fprv (*fl,332) 
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1/} of -|2S000    ^-#t333)    Wut   • EMV (-$66,667) 

Tho EMV of "C" would bot 

1/2 Of -412 5t 000  (-«2,500)   Plui 
1/3 of -|25fOOO 
1/6 of ♦125,000 

In this on«« wo would ohooso «ItornAtlvo "B,"    The 

5HV of 4^,332 is an Index of the detlrebillty.    The 

larger the number, the more deetrable.    Thus, the 

(teoiolon-tnaker oould look et thle model and Ite result« 

say that from a monetary, unoertalnty, and risk stand- 

point, alternative "B*  is more favorable. 

6l 
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CHAPTER VI 

CONCLUSIONS I4_ 

An understanding of the faotor« a d<scliilon-w*k©r 

mist consldar In fli>l«otlng the nethod and extent of 

analysis effort 1« neoeaoary In order to perform fruit- 

ful analyale efforts.    In prerloua chapters» needs, 

methodolopry, applloatlon» and pioblevs with analyses 

have Deen treated.    The question of method and how wuoh 

to expend In the effort, oan be determined if—a« with 

the uee of the pay off table in Chapter V—«n unbiased» 

objective, rational, and systematic diseipline is used. 

The writer bolieves that with careful attention to 

wluee,  the model, and methodology of the "pay off type 

analyeia, many difficult daeisions as to method and 

extent of resource application could be satisfactorily 

r^achfMl by decision-makers. 

It is also concluded that careful choices in method 

of analysis and expenditure of resonr*""? will result In 

fruitful analysis efforts.     Decision-makers must: 

1. Insure that the choice of method and extent of 

analysis best achieves their objective. 

2. Remember that analysis does not solve problena 
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or always provid« the most oorroot oholo«, but r«tJMir 

It «limlmt«« pooror and Inofflelant ohoioa«. 

3.    Caraftilly «olaot thalr dlagnetlt criteria to 

Inaur« that tha aathod and axtant of analyalfi «aleotad 

In ralatlva to th« objaotlve of tha analysla. 

k.    Bo aware that sound  judgmant and Intuitiv« 

raasonlnf; In «eleotlng method of analyele and reeouroe 

applloatlon ie still a baslo requirement when using 

analysis at a deolslon-naklng tool. 

Reoommend that the Departoent of Defence provide 

guldAnoe to deolelonHaakers whloh will Insure that all 

tha faotor« coneldered In this thesis are carefully 

«jtamlnad before a method of analysis or expenditure of 

resouross Is node« 
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